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Abstract : Acceptor-doped LaScO; is a candidate solid electrolyte for use in protonic ceramic fuel cells, but
little is known about its various polymorphs apart from transformations to tetragonal and cubic phases at high
temperature. Using first-principles calculations, we compare the stabilities, phonon dispersion behavior and band
structures of 11 candidate structures to probe the phase transformation sequence. The cubic Pm3m structure is
found to have the highest lattice energy, transforming to a tetragonal /4/mcm structure followed by orthorhombic
Imma and then the ground-state Pnma structure with decreasing temperature. The large energy difference
between the Pnma and Pm3 m phases suggests the latter is difficult to stabilize at room temperature, but it may
be possible to stabilize other phases through judicious choice of composition and synthesis process.
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calculations, Band structure
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Table 1 Lattice constants and relative energies of candidate crystal structures for LaScO .

samn
e I alh b/ A c/A | aoryl) ZE(E:fmi) )

Pm3m Va1 a®a’a® 4.051 - - 90 5.791 0.000

Im3 vay1 - a'a'a’ 8.107 - - 90 5.781 -0.659
R3c FEAS aaa 5.692 - 60.78 5.805 -0.903
14 /mmm FAH& a’b'’b* 8.112 - 8.071 90 5.800 -0.667
P4 /mbm EA& a®a’c* 5.679 - 4.089 90 5.840 -0.629
14/mem EA& a’a’c 5.690 - 8.137 90 5.845 -0.737
P4,/nmc EA& aa'c 8.108 - 8.073 90 5.804 -0.845
c2/c B abb 9.933 5.711 9.933 109.56 5.801 -0.926
Cmem [EWT a’b'c 8.093 8.082 8.101 90 5.813 -0.835
Imma BEA& a’bb 5.711 8.117 5.729 90 5.799 -0.927
Pnma* BEA& abb 5.786 8.096 5.671 90 5.797 -1.013

YExp..a =5.67942A; b = 5.78720A; ¢ = 8.09438A [14]
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Fig. 2 Group-subgroup relationships between the 11 perovs-
kite structure types considered in this study. Full lines
indicate a 2™ order transition, and dashed lines a 1
order transition. Letters in the upper left corners denote
the Bravais lattice type : ¢ = cubic ; t = tetragonal ; o
= orthorhombic ; r = rhombohedral ; m = monoclinic.

—
o
=

Frequency (THz)

O v r Zi; N P Wiz
Wavevector
(d)
25 R e S
20 : — :
= e
T 15 : "
E ; — ;
= 10 '
(3] :
S ——
g —————
g = :
I o T
-5
s - P : : ;
X S Y I Z U R T Z

Wavevector

H3 EHEREEDLASCO,NOATRHA R DT 4/ U HEHE : (a) IHEFRPM3Im . (b) EFHSZRI4/mem.

(c) EF&FRImmas LU (d) EH&ERPIma,

Fig. 3 Phonon dispersion curves of (a) cubic Pm3m, (b), tetragonal /4/mecm, (c) orthorhombic /mma, and

(d) orthorhombic Pnma LaScO 5 perovskite.
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Fig. 4 Crystal structures of (a) cubic Pm3m, (b), tetragonal /4/mcm, (c) orthorhombic /mma, and (d) orthorhombic
Pnma LaScO; perovskite. Light gray balls = La, dark gray balls = O, and octahedra = ScOs.
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Fig. 5 Electronic band structures of (a) cubic Pm3m, (b), tetragonal /4/mcm, (c) orthorhombic /mma, and (d) or-

thorhombic Pnma LaScO ; perovskite.
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